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(3) Reducing power consumption in a digital processor. 



(57) The supply of the clock signal to the pro- 
cessor in a multi-tasking system is controlled by 
a program (CCP) that runs in the lowest priority 
under the operating system (OS), so that appli- 
cations (A,B.) are not affected when clock sig- 
nals are stopped or slowed to reduce power 
dissipation. 
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The present invention relates to reducing the 
power consumption of a digital processor. Such 
reduction is desirable particularly to reduce heat dis- 
sipation in data processing apparatus including digital 
processors. 

In a known type of processor the contents of its 
internal registers are not lost even if the supply of a 
clock signal to the processor is stopped. Operations 
can be resumed from the stop state by reopening the 
supply of the clock signal. Such a processor is refer- 
red to herein as a full-static processor and, if it uses 
CMOS logic, power consumption and heat dissipation 
can be greatly reduced by stopping the supply of a 
clock signal to the processor, or decreasing the fre- 
quency of the clock signal, while the processor idle. 

Japanese Published Unexamined Patent Appli- 
cation (PUPA) No.62-169219 (U.S. Pat. No.4,851, 
987) discloses an information processing system in 
which the supply of a clock signal to a processor is 
stopped according to a result of the execution of a pro- 
gram which determines whether the system is cur- 
rently in a state where it waits for the completion of an 
operation of an input/output device or key input by an 
operator. However, even though the system waits tor 
the completion of the operation of the input/output 
device or key input by the operator, the processor is 
not always used to be in an idle time. Particularly, in 
an information processing system using a multi-task- 
ing operating system, possibility that a processor runs 
a second task while waiting for the completion of an 
operation of an input/output device or key input by an 
operator is not insignificant. In such a conventional 
apparatus there is therefore a danger that the supply 
of a clock signal to the processor may be stopped 
while the processor runs the task. 

It is accordingly an object of the present invention 
to provide an information processing system and a 
method for operating such a system which minimises 
this danger. 

According to the present invention there is pro- 
vided an information processing apparatus using a 
multi-tasking operating system, a method for control- 
ling a processor clock signal wherein the supply of a 
processor clock signal to a processor is controlled by 
a program which runs in the lowest priority under said 
multi-tasking operating system. 

There is further provided an information proces- 
sing system including a full static processor, a clock 
signal generator for supplying the clock signal to said 
processor, and a clock signal controller for controlling 
the supply of the clock signal to said processor from 
said clock signal generator when a program given the 
lowest priority runs under a multi-tasking operating 
system. 

An information processing system is usually pro- 
vided with a system timer for synchronising the entire 
system in addition to a generator or oscillator for 
generating the clock signal to be supplied to the pro- 



cessor. Under the multi-tasking operating system, 
tasks to run are switched to one another according to 
a priority given to each task for each time interval indi- 
cated by the system timer. Now in a case where a pro- 

5 gram (clock control program) that controls the supply 
of the clock signal to the processor is provided, and 
the clock control program is given the lowest priority, 
the clock control program runs if only the clock control 
program runs and any other tasks does not run, that 

10 is, only if the processor may be stopped. Thereby, the 
supply of the clock signal to the processor can be cer- 
tainly controlled on or off for each time interval indi- 
cated by the system timer. Instead of stopping the 
supply of the clock signal to the processor, the fre- 
ts quency of the clock signal may be controlled so that 
it can be decreased. 

In order that the invention may be well understood 
a preferred embodiment thereof will now be described 
by reference to the accompanying drawings, in 

20 which:- 

FIG.1 is a time chart showing the operations of 
the embodiment of an information processing system 
constructed in accordance with the present invention. 
FIG.2 is a block diagram showing the overall con- 

25 struct ion of said embodiment. 

FIG. 3 is a flowchart showing a method for control- 
ling processor clock signals and processing steps 
according to the present invention. 

FIG.2 shows the overall construction of an embo- 

30 diment of an information processing system accord- 
ing to the present invention. Referring to the figure, a 
processor 10 connects to a clock signal line 21, an 
interrupt signal line 22, and a signal lines 23. The sig- 
nal line 23 is comprised of a plurality of signal lines for 

35 a control signal, an address signal, and a data signal 
other than an interrupt signal and connected to a 
memory 30 and a system timer 70. The signal line 23 
and the interrupt signal line 22 may be called a system 
bus 20. The memory 30 stores a multi-tasking operat- 

40 ing system MOS, a clock control program CCP that 
runs in the lowest priority under the multi-tasking 
operating system MOS, and application programs A 
and B. 

The clock signal line 21 and the interrupt signal 
45 line 22 connect to a clock signal controller 40. The 
clock signal controller 40 comprises a clock signal on- 
off switcher 41, a signal transition detector 42, and a 
register 43. The clock signal on-off switcher 41 is 
always supplied with a clock signal for the processor 
so from a generator 50, stopping the supply of the clock 
signal to the processor 10 in response to a clock stop- 
ping signal from the register 43, reopening the supply 
of the clock signal to the processor 10 in response to 
a clock reopening signal from the signal transition 
55 detector 42. The signal transition detector 42 con- 
nects to an interrupt signal controller 60. The signal 
transition detector 42, when receiving an interrupt sig- 
nal from the interrupt signal controller 60, gives the 
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interrupt signal to the processor 10 and the clock 
reopening signal to the clock signal on-off switcher 41 . 

To the interrupt signal controller 60, in addition to 
interrupt signals from input/output devices such as a 
keyboard, a disk storage, a printer, etc., a signal from 5 
the system timer are inputted. When receiving these 
signals, the interrupt signal controller 60 outputs the 
interrupt signal to the signal transition detector 42. 
Thereby, except that the interrupt signals from the 
input/output devices are received, the supply of the 10 
clock signal to the processor 10 is reopened when the 
system timer 70 indicates the lapse of a predeter- 
mined time. Under the multi-tasking operating system 
MOS, task execution is switched for each time interval 
indicated by the system timer 70. The register 43 is is 
used for receiving and holding a result of the execu- 
tion of the clock control program CCP given the lowest 
priority. 

Now the operations of the embodiment are des- 
cribed by reference to FIG.1 in addition to FIG.2. Gen- to 
erally, in the multi-tasking operating system, a task 
scheduler, which is one of the component programs 
of the operating system, switches tasks on or off 
based on time slicing in which the task scheduler 
gives plural tasks the execute right of the processor 25 
according to their priority for each predetermined time 
interval at the completion of a running task or based 
on a event-driven method in which the execute right 
of the processor is transferred in response to occurr- 
ence of an event such as an interruption, as in the 30 
embodiment Time quanta of time slices are deter- 
mined by the system timer 70. 

FIG.1 shows a state where the execution of plural 
tasks including the clock control program CCP given 
the lowest priority is switched under the multi-tasking 35 
operating system OS and a condition that the supply 
of a clock signal to the processor 10 is controlled on 
or off. Now if the system timer 70 issues a signal indi- 
cating the lapse of a predetermined time interval over 
the signal line 23 while the application program B 40 
given priority 2 is running, an object of prog ram execu- 
tion temporarily changes from the application prog- 
ram B to the operating system OS. The operating 
system OS not only determines whether the appli- 
cation program B has the execute right of the pro- 45 
cessor 10 even in the following quantum of time, but 
also selects any of programs that require the execute 
right of the processor 10 in the following quantum of 
time and gives it the execution right 

FIG.1 shows a case where only the clock control so 
program CCP requires the execute right of the pro- 
cessor 1 0. In this case, the clock control program CCP 
runs and, as a result, a signal indicating that a clock 
signal may be stopped is sent to the register 43 of the 
clock controller 40 through the signal line 23. Since 55 
the clock control program CCP does nothing but sim- 
ple work as described above, its execution time is very 
short. The register 43 not only holds said signal, but 



also provides a clock stopping signal to the clock sig- 
nal on-off switcher 41 to stop the supply of the clock 
signal to the processor 1 0. 

If the supply of the clock signal to the processor 
1 0 stops and then the system timer 70 issues a signal 
indicating the lapse of a predetermined time, the inter- 
rupt signal controller 60 provides an interrupt signal to 
the signal transition detector 42 and then the signal 
transition detector 42 provides a clock reopening sig- 
nal to the clock signal on-off switcher 41 to not only 
reopen the supply of the clock signal to the processor 
10, but also provide an interrupt signal to the pro- 
cessor 10. The processor 10, on receiving the inter- 
rupt signal, prompts a timer interrupt handler and a 
dispatcher, which are the component programs of the 
operating system OS, to run and determines a prog- 
ram to be run in the following quantum of time after 
they run. 

FIG.1 shows also a case where a program to be 
run in the following quantum of time is only the clock 
control program CCP. Also in this case, the clock con- 
trol program CCP runs to stop the supply of a clock 
signal to the processor 10. If the interrupt signal con- 
troller 60 issues an interrupt signal while the supply of 
the clock signal to the processor 10 is stopping, not 
only the supply of the clock signal to the processor 1 0 
is reopened, but also the operating system OS per- 
forms functions to determine a program to be run in 
the following quantum of time. If the program to be run 
is the application program A given priority 1 , the appli- 
cation program A runs until the system timer 70 issues 
the following signal. When the system timer 70 issues 
the signal, the operating system functions to deter- 
mine a program to be run in the following quantum of 
time and if the program thus determined is the appli- 
cation program A, the program A runs again until the 
system timer 70 issues the following signal. 

FIG.3 shows processing steps for stopping the 
supply of a clock signal to the processor under the 
multi-tasking operating system. In the figure, both an 
interrupt handler and a task dispatcher are the com- 
ponent programs of a task scheduler of the operating 
system. The interrupt handler is a program that runs 
in response to an interrupt signal to do work required 
for stopping and then reopening an application run- 
ning before receiving the interrupt signal. The task 
dispatcher is a program that determines the following 
task to be run according to priority given to each task 
and transfers the execute right of the processor to the 
task thus determined. 

Referring to FIG.3, in a step S11 an application 
program given priority other than the lowest priority 
runs. In a subsequent step S12, whether said appth 
cation program is completed or not is determined. If 
the application program is not completed, the proces- 
sing proceeds to a step S13 where the application 
program continues to run. If the application program 
is completed, the processing proceeds to a step S16. 
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If an interrupt signal is encountered in a step S14 dur- 
ing the run of the application program, the processing 
proceeds to a step S15 where the interrupt handler 
runs and then the task dispatcher is started in the step 
S16. The task dispatcher determines whether the run- 5 
ning application program is authorised to run also in 
the subsequent quantum of time or not (in a step S1 7). 
If the application program is authorised to run in the 
subsequent quantum of time, the processing returns 
to the step S11. If the application program is not w 
authorised to run, whether another application prog- 
ram requests authorisation for running or not is deter- 
mined in a step S18. If another application requests 
to be authorised to run, the application program runs 
in a step S19. Otherwise, the processing proceeds to 15 
a step S21 where the clock control program (given the 
lowest priority) for stopping a clock signal is started. 
In a subsequent step S22, the clock control program 
runs to send a signal indicating that the supply of the 
clock signal is stopped, to the register 43 of the clock 20 
signal controller 40 and in a step S23 the supply of the 
clock signal is stopped. 

According to the above embodiment, since the 
clock control program runs only if there is no other 
tasks to be run, the supply of the clock signal is not in 25 
danger of being stopped while some task is running 
in a background. Further, according to the embodi- 
ment, since the on-off control for the clock signal is 
performed for each timer interval indicated by the sys- 
tem timer, the clock signal is stopped in a small slice 30 
of the idle time for the processor and thereby low 
power dissipation is offered. 

It will be recognised that said clock signal control- 
ler 40 may be connected to a processor, not the pro- 
cessor 10 and added to another program. It will be 35 
appreciated that instead of stopping the supply of a 
clock signal to the processor 10, the frequency of the 
clock signal may be decreased to attempt low power 
dissipation. 

As described above, according to the present 40 
invention, a method and an information processing 
system which ensure that an allowed time to stop a 
processor or an allowed time to delay an operation of 
the processor is determined to stop the supply of a 
clock signal to the processor or decrease the fre- 45 
quency of the clock signal, can be provided. 



adapted to open or to close the supply of dock signals 
to the processor. 

3 The method for controlling a processor clock 
signal according to claim 1 wherein said program is 
adapted to change the frequency of the clock signal 
provided to the processor from an operating fre- 
quency to a reduced idle frequency and vice versa. 

4 An information processing system including a 
full static processor, a clock signal generator for sup- 
plying the clock signal to said processor, and a clock 
signal controller for controlling the supply of the clock 
signal to said processor from said clock signal 
generator when a program given the lowest priority 
runs under a multi-tasking operating system. 

5 A system as claimed in claim 4 in which said 
clock signal controller is adapted to change the fre- 
quency of said clock signal from an operating fre- 
quency to an idling frequency and vice versa. 

6 A system as claimed in claim 4 in which said 
clock signal controller is adapted to open or to close 
the supply of clock signals to said processor. 

7 The information processing system according 
to claim 6 wherein said clock signal controller is adap- 
ted to reopen the supply of a clock signal to said pro- 
cessor in response to an interrupt signal to said 
processor. 

8 The information processing system according 
to claim 7 wherein said interrupt signal is an output 
signal from a system timer for synchronising the entire 
information processing system. 

9 An information processing system as claimed in 
any of claims 4 to 8 including a memory, a processor, 
an input/output device, a generator for supplying a 
clock signal to said processor, and a system timer for 
synchronising among the parts of the system, wherein 
a clock signal controller is provided for the purpose of 
stopping the supply of the clock signal to the pro- 
cessor by means of a program that runs in the lowest 
priority under a multi-tasking operating system and 
reopening the supply of said clock signal in response 
to an interrupt signal from said input/output device or 
said system timer. 



Claims 

so 

1 1n an information processing apparatus using a 
multi-tasking operating system, a method for control- 
ling a processor clock signal wherein the supply of a 
processor clock signal to a processor is controlled by 
a program which runs in the lowest priority under said 55 
multi-tasking operating system. 

2 The method for controlling a processor clock 
signal according to claim 1 wherein said program is 
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